Abstract
Previous phytochemical investigations on some Lamium species resulted in the isolation of iridoids [1] , flavonoids, phenylpropanoids [2] , and benzoxanoids [3] . Although L. amplexicaule has been studied extensively for its iridoid composition (lamioside, lamalbide, caryoptoside, barlerin, asperuloside, alboside, lamiide, and ipolamiidoside) [4] , there has been no report on the isolation of flavonoids from this species. Flavonoids, a group of naturally occurring antioxidants and metal chelators, can be used as tyrosinase inhibitors due to their formation of copper-flavonoid complexes [5] . Tyrosinase is a copper-containing enzyme that catalyzes two distinct reactions of melanin synthesis: the hydroxylation of tyrosine by monophenolase and the oxidation of 3,4-dihydroxyphenylalanine (L-DOPA) to o-dopaquinone by diphenolase [6] . Overproduction of melanin can result in various hyperpigmentation disorders including melasma, age spots and sites of actinic damage [7] . In an attempt to identify the flavonoid compounds with anti-oxidative and anti-tyrosinase effects from L. amplexicaule, the MeOH extract was investigated. Based on spectroscopic evidence, the structures of the three known compounds were determined as luteolin 7-O-β-D-glucopyranoside (1) [8] [10] . All spectral data were identical to those reported in literature. Copies of the original spectra are obtainable from the author of correspondence. Compounds 4 and 5 were isolated from a natural source for the first time. Acid hydrolysis of compound 4 produced kaempferol as an aglycone moiety and D-glucose and L-rhamnose as sugar moieties, observed on TLC by comparing with authentic specimens (data not shown).
1 H-and 13 C-NMR spectral data and assignments are shown in • " Table 1. In the HMBC spectrum, the anomeric proton peak of L-rhamnose at δ H = 4.40 (br s) was correlated with δ C = 67.09, which suggests the attachment of L-rhamnose to the C-6 position of the inner D-glucose. In addition, the peak δ C = 82.0 in the relatively lower field was crossed with the anomeric proton of the other D-glucose at δ H = 4.35. These results indicated that the terminal D-glucose is glycosidated to 4-OH of the inner D-glucose (• " Fig. 1 ). Therefore, the structure of compound 4 was determined to be kaempferol Fig. 1) . Therefore, the structure of compound 5 was elucidated to be quercetin
The anti-oxidative and anti-tyrosinase effects of five isolated flavonoid glycosides were also measured in vitro using DPPH and tyrosinase inhibition assays, respectively. In both assays, the luteolin glycoside (1) and quercetin glycosides (3 and 5) exhibited stronger activities against DPPH radical and tyrosinase than compounds 2 and 4 (determined as kaempferol glycosides) (• " Table 2 ). The activities of luteolin glycoside and quercetin glycosides with one more hydroxy group in their B-ring were more potent than that of kaempferol with one less hydroxy group. Polyhydroxylation of the aromatic rings is one of the structural requirements for the antioxidant and free radical scavenging function of flavonoids [11] . Thereby, flavonoids possessing a higher number of hydroxy groups exhibit a stronger anti-oxidative effect. It has been also reported that a higher number of hydroxy groups in the benzene ring may play a critical role in exerting the inhibitory effect on tyrosinase activity [12] . On the other hand, luteolin and quercetin have a catechol moiety in their B-ring, whereas kaempferol does not. The catechol group apparently binds with the copper ions in the catalytic domain of tyrosinase, thereby inhibiting the tyrosinase activity [5] .
Materials and Methods

!
The aerial parts of L. amplexicaule were collected in Sorak Mountain, Sokcho, Gangwon Province, Korea, in July 2007, and identified by Dr. Jong-Hee Park, College of Pharmacy, Pusan National University. A voucher specimen (P. 157) is deposited at the Herbarium of the College of Pharmacy, Pusan National University, Busan, Korea. Detailed information of the instruments used in this research are described in the Supporting Information. Air-dried aerial parts of L. amplexicaule (800 g) were extracted three times with MeOH (8 L) under reflux at 80°C for 7 hours each. The extract was concentrated using a rotary evaporator under reduced pressure to give a viscous mass (132.6 g). This extract (125 g) was suspended in 800 mL H 2 O and fractioned with 800 mL CHCl 3 three times. The residual aqueous layer was then fractionated with 800 mL BuOH three times and the BuOH-soluble portion was concentrated to give the BuOH fraction (20.5 g). The BuOH fraction (16.5 g) was subjected to silica gel column chromatography (ø 60 mm × 38 cm, SiO 2 , 430 g) using CHCl 3 -MeOH-H 2 O (65 : 35 : 10, lower phase) with a flow rate of 3 mL/ min. Two hundred fractions (each 50 mL) were collected, their composition monitored by TLC {solvent: CHCl 3 -MeOH-H 2 O (65 : 35 : 10, lower phase)}, and then combined into ten major fractions (A -J). All chromatographic methods described in this section were performed using ODS columns (ø 30 mm × 30 cm, ODS 170 g) and MeOH-H 2 O (1 : 1) eluent with flow rate of 2 mL/min. Fraction D (fractions 43 -59, 2100 -2950 mL, 2.89 g) was separated on the column and collected as 64 20 mL fractions combined into three groups (D1 -D3). Fraction D3 (fractions 22 -64, 420 -1280 mL, 1.59 g) was separated by the same column, collected in 10 mL aliquots, and fractions 46 -70 (450 -700 mL) were concentrated to yield compound 2 (270 mg) [9] . In the course of purifying compound 2, four other fractions (D3a -D3 d) were also obtained. Fraction D3c obtained from fractions 19 -34 (180 -340 mL) was further purified by the same chromatographic method as for fraction D3 to afford compound 1 (fractions 11 -30, 100 -300 mL, 280 mg) [8] . Fraction G (fractions 72 -90, 3550 -4500 mL, 4.48 g) was also subjected to the same column chro- Values followed by the same superscript are not statistically significant different at p < 0.05 as analyzed by the Student's t-test.
matography system with a flow rate of 2 mL/min and collected as 20 mL aliquots to obtain 15 fractions and thereafter the fractions were combined into three (G1, G2, and G3). Fraction G2 (fractions 5 -7, 80 -140 mL, 1.28 g) was purified in the same way to afford compound 3 (fractions 14 -31, 130 -310 mL, 250 mg) [10] . Using a similar chromatographic method with fractions D and G, two fraction groups (I1 and I2) were obtained from column chromatography of fraction I (fractions 103 -118, 5100 -5900 mL, 2.96 g). Purification of fraction I2 (fractions 18 -44, 340 -880 mL) was performed by ODS column chromatography to afford compound 4 (310 mg). ODS column chromatography of fraction J (fractions 119 -200, 5900 -10 000 mL, 5.93 g), performed under the same conditions as for fractions D, G, and I, afforded 22 fractions (each 20 mL), which were combined into five fraction groups (J1 -J5). Compound 5 (450 mg) was obtained by concentrating fraction J4 (fractions 13 -18, 240 -360 mL). The purity of all compounds was assessed by HPLC and NMR as more than 99.0 %. Table 1 . Table 1 . Free radical scavenging: Free radical scavenging activities of five isolated compounds were evaluated using the DPPH (2,2-diphenyl-picryl-hydrazyl hydrate) scavenging test using the method of Ono et al. [13] with slight modification. α-Tocopherol (Sigma-Aldrich, purity: 98 %) was used as the positive control. For the detailed protocols, see Supporting Information. Tyrosinase inhibition: Tyrosinase inhibitory activity, using L-tyrosine as the substrate, was assayed spectrophotometrically using the method of Miyazawa et al. [14] with slight modification. Ascorbic acid (Sigma-Aldrich, purity: 98 %) was used as the positive control. See Supporting Information for details.
Supporting information
Detailed description of the instrumental equipment and of the biological assays as well as original spectra for compounds 4 and 5 are available as Supporting Information.
